Abstract. Many mutagens and carcinogens act via covalent interaction of metabolic intermediates with DNA in the target cell. This report groups those structural elements which are often found to form the basis for a metabolism to such chemically reactive metabolites. Compounds which are chemically reactive per se and which do not require metabolic activation form group 1. Group 2 comprises of olefins and aromatic hydrocarbons where the oxidation via an epoxide can be responsible for the generation of reactive species. Aromatic amines, hydrazines, and nitrosamines form group 3 requiring an oxidation of a nitrogen atom or of a carbon atom in alpha position to a nitro sated amine. Group 4 compounds are halogenated hydrocarbons which can either give rise to radicals or can form an olefin (group 2) upon dehydrohalogenation. Group 5 compounds depend upon some preceding enzymatic activity either not available in the target cell or acting on positions in the molecule which are not directly involved in the subsequent formation of electrophilic atoms. Examples for each group are taken from the "List of Chemicals and Industrial Processes Associated with Cancer in Humans" as compiled by the International Agency for the Research on Cancer, and it is shown that 91 % of the organic carcinogens would have been detected on the basis of structural elements characteristic for group 1-5. As opposed to this very high sensitivity, the specificity (the true negative fraction) of using this approach as a short-term test for carcinogenicity is shown to be bad because detoxification pathways have so far not been taken into account. These competing processes are so complex, however, that either only very extensive knowledge about pharmacokinetics, stability, and reactivity will be required or that in vivo systems have to be used to predict, on a quantitative basis, the damage expected on the DNA. DNA-binding experiments in vivo are presented with benzene and toluene to Abbreviations. CEI, Covalent Binding Index = (~mol substance bound per mol DNA nucleotides)/(mmol substance administered per kg body weight); HCH, hexachlorocyclohexane
Research on Cancer, and it is shown that 91 % of the organic carcinogens would have been detected on the basis of structural elements characteristic for group 1-5. As opposed to this very high sensitivity, the specificity (the true negative fraction) of using this approach as a short-term test for carcinogenicity is shown to be bad because detoxification pathways have so far not been taken into account. These competing processes are so complex, however, that either only very extensive knowledge about pharmacokinetics, stability, and reactivity will be required or that in vivo systems have to be used to predict, on a quantitative basis, the damage expected on the DNA. DNA-binding experiments in vivo are presented with benzene and toluene to Abbreviations. CEI, Covalent Binding Index = (~mol substance bound per mol DNA nucleotides)/(mmol substance administered per kg body weight); HCH, hexachlorocyclohexane demonstrate one possible way for an experimental assessment and it is shown that the detoxification reaction at the methyl group available only in toluene gives rise to a reduction by at least a factor of forty for the binding to rat liver DNA. This quantitative approach available with DNA-binding tests in vivo, also allows evaluation as to whether reactive metabolites and their DNA binding are always the most important single activities contributing to the overall carcinogenicity of a chemical. With the example of the livertumor inducing hexachlorocyclohexane isomers it is shown that situations will be found where reactive metabolites are formed and DNA binding in vivo is measurable but where this activity cannot be the decisive mode of carcinogenic action. It is concluded that the lack of structural elements known to become potentially reactive does not guarantee the lack of a carcinogenic potential.
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It has always been a dream of chemists to predict, on the basis of structure, the activity of chemicals in living systems. One is not aware though of any example where this approach would not have ended at some point with an exception to a rule so carefully established.
In the last decade, a new wave of optimism swept over the biologically interested chemists after the exciting finding that many well-known strong carcinogens belonging to a number of different chemical classes were shown to be metabolized via electrophilic, i.e., chemically reactive intermediates (Miller 1970) and that their covalent binding to DNA seemed to be an important early event in the chemical induction of a tumor (Lutz 1979) . No wonder that many chemists tried to find ways to predict the carcinogenicity on the basis of critical structural elements. The most elaborate try came from Cramer et al. (1978) who developed a decision tree system where organic chemicals could be placed into one of three classes I, II, or III, on the basis of 33 questions. These classes were meant to reflect a presumption of low, moderate, or serious toxicity, and the authors claimed that so far the procedure had not resulted in any underestimation of toxicity. The analysis reported by Ashby (1978) and by Oesch (1982) revealed a much more complicated situation as soon as quantitative assessments are attempted.
The following report will try to answer three questions. How sensitive is a short-term test for carcinogenicity based exclusively on critical structural elements? How good is the specificity for this type of test, i.e., how large is the fraction of non-carcinogens lacking a critical structural element? If a reactive metabolite can be formed, is this activity always the most important for its over-all carcinogenic activity?
